The seeding of grasslands in Finland fails relatively often owing to the difficult growing conditions for the young seedlings. As a result, the stands are in many cases rather thin and must sometimes be ploughed up without giving any yield at all.
One of the factors hampering the initial growth and development of grassland plants is unsuitable sowing. Thus, for instance, a considerable proportion of the seed may be sown at too great a depth, which prevents the seedlings from emerging. On the other hand, the seeds scattered upon the soil surface will also meet difficulties in their germination stage, especially in dry periods. Hence, a valuable characteristic for a grassland plant seedling would be the ability to surmount the various obstacles arising from deficient seeding measures.
The object of the present investigation is to study the emergence capacity of some grassland plants, the majority of which are grown extensively in Finland. For this purpose, seeds of the plants to be studied were sown ön soil surface as well as at different depths. The influence of seed size in this connexion was examined, too. All the studies concerned were carried out in the greenhouse. The soil used as substrata in these experiments was heavy clay, representing the valuable arable soil type occurring fairly commonly, especially in Southwest Finland.
Review of literature
Murphy and Arny (4) found depth of planting to be the most important factor determining the total emergence of seedlings of various grasses and legumes. The seed weight showed a significant positive correlation with the total emergence. In alfalfa, Erickson (1) observed that both germination and vigour of the seedlings were directly correlated with seed size. Seedling vigour was inversely related to the depth of seeding. Rogler (5) established highly significant differences in total seedling emergence for depths, weights, and the interaction of depths and weights in crested wheatgrass. McKenzie et al. (3) and Lueck et al. (2) , found that the maximum depth of seeding varied considerably according to the grass species and varieties studied. The heavy clay soil selected for this study was taken from the surface 20 centimetres of the experimental field at Jokioinen. The soil concerned contained 4-5 % organic matter, its degree of acidity varying between pH 5.5-5.9. Before use, the soil was air-dried and sieved in order to remove lumps. Seeding was done in cylindrical dishes measuring 15 cm in diameter and 9 cm in height ( Figure 1 ). The depths of planting used in this study were as follows: surface, 1 cm, 2.5 cm, 4 cm, and 7 cm. The planting depths were determined accurately by means of wooden soil levellers. After seeding, the soil was kept at optimum moisture in order to promote germination and emergence of the seedlings.
The dishes were kept in the greenhouse, where the temperature was maintained at +lB°t o + 25°C by day and at +l4°t o +lB°C at night.
The germination capacity of the different seed-size classes proved to be very high, varying between 96 and 100 per cent. In each dish 100 seeds were sown. Every seed-size class being planted at five depths with four replicates for each, was thus grown in 20 dishes in all. Notes on the emergence were recorded daily until no further seedlings appeared.
Experimental results
In order to gain an idea of the rate of emergence of the different strains investigated, the average emergence of the medium-sized seeds from the 1-cm depth was calculated for three-day periods. The results are shown graphically in Figure 2 . It appears that, on the whole, the legume seedlings (I-V) began to emerge more rapidly than the grass seedlings (VI -XI). In addition, the legumes often attained total emergence over a shorter period of time than the grasses.
Between the individual strains some great differences are to be seen with Figure 1 , Emergence of the large-sized seeds of Italian rye-grass from surface, 1-cm, 2.5-cm, and 4-cm depths, 7 days after seeding. Photo by O, Inkilä, regard to the rate of emergence. Thus, for example, the tetraploid red (II) and alsike (IV) clovers obviously emerged more slowly than the corresponding diploids (I and III). Besides this, the total emergence of the tetraploids proved to be less than that of the diploid strains. From Figure 2 it further appears that, among the grasses, the seeds of Italian rye-grass (X) began emerging with exceptional rapidity. In timothy (VI), cocksfoot (VIII), and red fescue (XI), on the other hand, no emergence occurred during the first three-day period. The rate of emergence of meadow fescue (VII) and perennial rye-grass (IX) was also slow at the outset. Maximum emergence was usually reached from 9 to 12 days after seeding. The emergence of Italian rye-grass (X) was not complete until 15 days after seeding. In cocksfoot (VIII), total emergence was only attained in 18 days; the rate of emergence of this species was thus slowest in the category of medium-sized seeds sown at 1-cm depth.
It was further established that rate of emergence was considerably retarded with increasing depth. As a result of deeper sowing, the time required for complete emergence was distinctly prolonged in many of the strains studied. Thus, for example, -the total emergence of meadow fescue (VII), perennial rye-grass (IX), and red fescue (XI) sown at 7-cm depth was not reached until 21 days after seeding, the corresponding times at 1-cm depth being 12, 9, and 12 days. The data on the average total emergence are shown in Table 1 , which also contains the results of the corresponding analyses of variance. From the data thus presented, it is possible to gain an idea of the significance of seed size and of different depths of sowing on emergence capacity.
In the diploid red and alsike clover seed size proved to have no significant influence on the differences in emergence capacity. In the corresponding tetraploids, however, seed size proved to be highly significant. In four of the remaining seven species distinct dependence of total emergence upon seed size was established, too. These were: white clover, timothy, meadow fescue, and Italian rye-grass. In cocksfoot, perennial rye-grass and red fescue, on the other hand, no significant relationship was found.
As regards depth of seeding (Table 1) , highly significant effects of this factor on the emergence capacity were established in all eleven strains investigated. The importance of depth of seeding thus appeared to be greater than that of seed size. The numbers of seedlings emerging from different depths show very considerable differences. In the tetraploid clovers, timothy, meadow fescue and cocksfoot, seeding 4 cm deep already markedly impaired emergence. At 7 cm the seedlings' chances of becoming established were appreciably weakened. The diploid and tetraploid alsike clover, white clover and timothy were the most sensitive in this respect. Of the eleven strains investigated only meadow fescue was able to emerge passably from a depth of 7 cm.
In addition, statistical analysis of the data indicates significant interaction for the sizes x depths in four legumes and two grasses (Table 1 ). This result reveals that in these strains there are real differences in the emergence capacity of seedlings of various weight classes seeded at different depths. On the other hand, in one legume and four grasses no such interaction could be established with certainty.
Discussion
Because the moisture conditions in the dishes were continuously kept at optimal level, the emergence figures obtained in this experiment are obviously much higher than those found in natural conditions. This is especially true in the case of the surface seedings; seedlings situated on the soil surface in the field are more exposed to drought injury than those within the soil.
The legumes, in most cases, began emerging from 1-cm depth more rapidly than the grasses. Further, the legumes reached total emergence from this depth on an average three days before the grasses (Fig. 2) . This result is in accordance with the findings of Murphy and Arny (4) , who reported a similarrelation between the rates of emergence of five legumes and five grasses. The rapid emergence of the legumes is an evident advantage. Thus, at the establishment of a ley the legumes are obviously in need of favourable conditions for emergence for a shorter period of time after seeding than the grasses.
The emergence capacity of the tetraploid clovers (II and IV) seems to be weaker than that of the corresponding diploids (I and III); (Fig. 2 
Conclusions
From 1-cm depth of seeding the legumes, on the whole, began to emerge more rapidly than the grass seedlings. Besides this, the legumes often attained total emergence over a shorter period of time than the grasses.
Between the rates of emergence of the individual strains some considerable differences were established. Maximum emergence from 1-cm depth was generally reached from 9 to 12 days after seeding.
The rate of emergence was considerably retarded at greater depths. Correspondingly, the time required for complete emergence was distinctly prolonged in many of the strains studied.
The influence of depth of seeding on the emergence of the eleven strains investigated proved to be greater than that of seed size. In four legumes and two grasses significant interaction for the sizes x depths was ascertained.
Under the conditions of the experiment, seeding at 4-cm depth may be considered the maximum depth of seeding for most of the strains investigated.
